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Aims Impact of changes of treatments on outcomes in ST-elevation myocardial infarction (STEMI) patients in real-life
health care has not been documented.

...................................................................................................................................................................................................
Methods
and results

All STEMI cases (n = 105.674) registered in the nation-wide SWEDEHEART registry between 1995 and 2014 were in-
cluded and followed for fatal and non-fatal outcomes for up to 20 years. Most changes in treatment and outcomes oc-
curred from 1994 to 2008. Evidence-based treatments increased: reperfusion from 66.2 to 81.7%; primary percutaneous
coronary intervention: 4.5 to 78.0%; dual antiplatelet therapy from 0 to 89.6%; statin: 14.1 to 93.6%; beta-blocker: 78.2 to
91.0%, and angiotensin-converting-enzyme/angiotensin-2-receptor inhibitors: 40.8 to 85.2% (P-value for-trend <0.001 for
all). One-year mortality decreased from 22.1 to 14.1%. Standardized incidence ratio compared with the general popula-
tion decreased from 5.54 to 3.74 (P < 0.001). Cardiovascular (CV) death decreased from 20.1 to 11.1%, myocardial infarc-
tion (MI) from 11.5 to 5.8%; stroke from 2.9 to 2.1%; heart failure from 7.1 to 6.2%. After standardization for differences
in demography and baseline characteristics, the change of 1-year CV-death or MI corresponded to a linear trend of 0.915
(95% confidence interval: 0.906–0.923) per 2-year period which no longer was significant, 0.997 (0.984–1.009), after ad-
justment for changes in treatment. The changes in treatment and outcomes were most pronounced from 1994 to 2008.

...................................................................................................................................................................................................
Conclusion Gradual implementation of new and established evidence-based treatments in STEMI patients during the last

20 years has been associated with prolonged survival and lower risk of recurrent ischaemic events, although a pla-
teauing is seen since around 2008.
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Introduction

During the last 30 years, a series of successful clinical trials have pro-
ven the improved survival and lower morbidity with several new
treatments of ST-elevation myocardial infarction (STEMI). This has
led to very consistent global treatment recommendations.1–4

However, the adoption of new treatments in clinical practice is vari-
able between and within countries.5–8 Although clinical trial data
demonstrate efficacy and safety in a selected target population, the
real impact of new treatment modalities can only be certified by
monitoring treatments and outcomes in entire unselected popula-
tions of patients with STEMI. Nation-wide clinical registries including
all patients admitted for myocardial infarction are therefore the final
loop of evaluating the effectiveness of new treatments in the real-life
health care. Data from several registries have shown improved sur-
vival and reduced non-fatal complications in STEMI over time.9–14

However, these studies have been limited, including only selected
populations or time-periods and often only short-term follow-up.
Few studies have accounted for the changes in background risk char-
acteristics and in the improved survival of the general population.
Moreover, most previous studies reporting time-trends have been
limited to mortality outcome and have not included the long-term
risk of re-infarctions, stroke, and heart failure. Finally, very few studies
have had continuous data on baseline characteristics, treatments, and
outcomes in all individual patients allowing the possibility of relating
changes in outcomes with alterations of treatments.

The aim of this nation-wide registry study was to describe tempo-
ral changes in treatments and long-term outcomes during the last
20 years from 1995 to 2014 in consecutive patients with STEMI ad-
mitted to any coronary care unit in an entire country. In addition, the
study aimed to investigate if and how much the changes in patient
characteristics, interventional procedures and medical treatments
contributed to the changes in short- and long-term outcomes.

Methods

Study population
All cases admitted to a coronary care unit or other specialized facility
with a suspected or definite acute coronary syndrome are continu-
ously included in the Swedish Web-System for Enhancement and
Development of Evidence-Based Care in Heart Disease Evaluated
According to Recommended Therapies (SWEDEHEART) registry.15

Currently, all Swedish hospitals (n = 72) that provide care for acute
cardiac diseases participate. Patients are informed about their partici-
pation in the registry and are allowed to opt-out. Written consent is
not required according to Swedish law. A negligible number of patients
choose not to participate. Monitors regularly evaluate by random
checks, the completeness and correctness of data entered into the
registry with the medical records with an agreement of 96% on aver-
age. In the most recent monitoring performed between 2015 and
2016, the data entry for 67 variables in the SWEDEHEART registry
were compared with the medical records for 30 patients at each of the
72 participating hospital (a total of 142 032 variables), with an agree-
ment of 96.8%. In the study database, the baseline information on pre-
viously diagnosed concomitant diseases was enriched with information
from the National Patient Registry, which includes the diagnoses of all
hospital admissions in Sweden since 1987. Data regarding medication
on admission, in-hospital treatments, and discharge medications are

collected as part of the SWEDEHEART registry. This study included all
cases in the SWEDEHEART registry admitted to a hospital with a
STEMI between 1 January 1995 and 10 October 2014. The National
Board of Health and Welfare approved the merging of these registries.
The study protocol was approved by the regional ethics committee in
Stockholm (nr 2011/60-31/2).

Outcome definitions: re-infarction, stroke,

heart failure, and mortality
In-hospital re-infarction was obtained from the SWEDEHEART regis-
try. Re-infarction within 30-days was defined as a new myocardial in-
farction recorded in SWEDEHEART registry if occurring more than
2 days after discharge. Re-infarction after 30 days was defined as read-
mission of a new myocardial infarction in the National Patient registry
(see Supplementary material online). The definition of myocardial in-
farction has changed over time. Between 1996 and 2001, myocardial
infarction was based on the World Health Organization definition16

from 1994 requiring a doubling of biomarkers (creatinine-kinase_MB,
CK-MB) compared with the upper level of normal, in addition to typi-
cal electrocardiogram (ECG) changes and symptoms. From 2001 on-
wards, the definition for myocardial infarction has been based on the
European Society of Cardiology/American College of Cardiologists/
American Heart Association consensus document,17,18 consisting of
troponin T/I or two CK-MB level above the 99th percentile, in addition
to typical ECG changes and symptoms.

Hospitalization for stroke or heart failure (main diagnosis) was ob-
tained from the National Patient registry. For re-infarction, stroke, and
heart failure, the latest available follow-up was on the 31 December
2013. In-hospital, 30-day, 1-year mortality was obtained from the
Swedish Population register with last follow-up on 11 November 2014,
with no loss to follow-up. Only patients with complete 1-year follow-up
in 2013 were included in the 1-year mortality analyses. Cardiovascular
death was obtained from the National Cause of Death registry (see
Supplementary material online).

Statistical analysis
The 20-year study period was divided into 2-year blocks. In the analysis,
each patient was allowed to have only one STEMI during each 2-year
block to allow the estimation of complications such as re-infarction,
stroke, and heart failure hospitalization. However, the same individual
could have a new STEMI in a different 2-year block. Therefore, since a pa-
tient could be analysed several times, we considered STEMI ‘cases’, and
not ‘patients’. Baseline characteristics for cases are displayed as medians
(interquartile range) for continuous variables or proportions for categori-
cal variables. Treatments and outcomes were displayed over time as a
percentage of patients during each 2-year block. Significant differences
over time were tested by Jonckheere–Terpstra trend test for categorical
variables and by linear-by-linear trend test for continuous data. Time-to-
event was graphically displayed as Kaplan–Meier curves.

To assess the effect of time on outcome, assuming a linear association
for each 2-year time-block and outcome, a logistic regression model (for
in-hospital) and a Cox-regression model (for 1-year event) was fitted.
The outcome explored by this analysis was the composite of cardiovascu-
lar death or re-infarction. These models explored the association for
moving forward a 2-year-block at a time, adjusting stepwise for confoun-
ders as follows: (i) crude; (ii) age (three knots, restricted cubic spline) and
gender; (iii) baseline characteristics [diabetes, hypertension, previous
myocardial infarction, previous peripheral vascular disease, previous
stroke, previous congestive heart failure, previous chronic obstructive
pulmonary disease, cancer within 3 years, presence of pulmonary rales on
admission, atrial fibrillation on admission, medication on admission
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.
(antiplatelet therapy, beta-blocker, angiotensin-converting-enzyme
inhibitor/angiotensin-receptor-blocker (ACE/A2), statin)]; and (iv) in-
hospital intervention for STEMI [reperfusion therapy and primary percu-
taneous coronary intervention (PCI)]. For hospital survivors, the models
also adjusted for changes in the following discharge medications: antipla-
telet therapy, beta-blocker, ACE/A2 inhibition and statin. In addition, in
order to account for differences in patient characteristics and treatments
throughout the observation period, standardization was performed using
logistic regression models. A full explanation of these models and inter-
pretation is given in the Supplementary material online.

In order to account for mortality changes in the underlying background
population, standardized incidence ratios were also calculated, using an
age, sex and calendar matched general population from Statistics Sweden
(www.scb.se).

Missing data were handled using multiple imputations with the method
of chained equations.19 Five imputed data sets were generated. As predic-
tors, all variables in the model and events were used. All analyses were
performed with R (version 3.1.0).

Results

Clinical characteristics
From 1995 to 2014, there were 105 674 STEMI cases fulfilling the in-
clusion criteria and with no exclusion criterion (see Supplementary
material online). Several of the baseline characteristics showed only
minor changes over time. The mean age was 70 years [interquartile
range (IQR) 60–79], 34% were female, 20% had diabetes, and about
18% had a prior MI (Table 1). However, more patients had a history
of PCI (12% vs. 2%) or coronary artery bypass grafting (4 to 2%), and

over time more patients were treated with antihypertensive medica-
tion (54% vs. 32%), ACE/A2 inhibition (31% vs. 10%) and statins (21%
vs. 4%) on admission. Fewer patients presented with signs of heart
failure on admission in the later years (7% vs. 36%) and fewer were
using diuretics (16% vs. 22%) and digitalis (1% vs. 7%).

In-hospital course and treatment
During these 20 years, there was a dramatic increase in the uptake
and utilization of new and older evidence-based treatments.
Reperfusion treatment increased from 1995/96 to 2013/2014
(Figure 1, Supplementary material online) from 66 to 82% and primary
PCI from 5 to 78%. The time delays from symptom onset to reperfu-
sion (Table 1) have only shown slight improvements over the years.
Over the 20 years medical treatment with aspirin increased from 82
to 94%, dual antiplatelet from 0 to 90%; beta-blocker from 78 to
91%; ACE-inhibor/ARB from 41 to 85%, and statins from 14 to 94%;
(P-value for-trend <0.001 for all). Most of the changes in the use
these treatments occurred between 1995 and 2006. Thereafter their
utilization remained at the same high level, although changes within
each treatment modality (choice of technology or pharmaceutical
agent) could have occurred.

Simultaneously there was a decreased use of in-hospital intrave-
nous diuretics and inotropic drugs, from 44 to 20% and from 10 to
6%, respectively (see Supplementary material online). A reduced
ejection fraction (EF < 50%) was present in 72% in 1997–98 and less
common, 52%, in 2013–14. Correspondingly, there was a reduced
prescription at discharge of digoxin from 9.6 to 1.3% and of diuretics
from 39.4 to 21.5%.

Figure 1 Key treatments 1995–2014. STEMI, ST-elevation myocardial infarction.
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Outcome
Over 20 years, the in-hospital, 30 day, and 1-year all-cause mortal-
ity decreased from 13.6, 15.8, and 22.1% in 1995/96 to 7.8, 9.2, and
14.1% in 2013/14 (Central Illustration A, Supplementary material on
line and Figure S2). This was mainly driven by a reduction in CV-
death where the corresponding mortalities decreased from 13.2,
15.2, and 20.1% to 7.2, 8.5, and 11.6%. When 1-year mortality was
compared with an age-, gender-, and calendar-adjusted back-
ground population the standardized incidence ratio decreased
from 5.54 [95% confidence interval (CI) 5.35–5.73] times higher in
1995/96 to 3.74 (3.47–4.03) times higher in 2013/14 (<0.001)
(Central Illustration A and Supplementary material online). After
standardization and adjustments for changes in demography and
baseline characteristics, there was still a reduction in 1-year mor-
tality. If patients would have had the same demography and base-
line characteristics as in 2013–14, the 1-year mortality would have
decreased from 16.4% in 1995/96 to 14.1% in 2013/14 (see
Supplementary material online).

The outcome improved also for non-fatal events. Between 1997/
98 and 2011/12, the 1-year risk of re-infarction decreased from 11.5
to 5.8%, stroke from 2.9 to 2.1%, and heart failure from 7.1 to 6.2%
(Central Illustration A, Supplementary material online). The standard-
ized 1-year risk (adjusting for changes in demography and baseline
characteristics) for MI and the composite of death or MI decreased
from 9.6 and 23.5% to 5.8 and 19.1% (see Supplementary material
online).

Based on the continued registration of new events in all patients it
could be established that the benefits in outcome by later years of en-
try was sustained and even further amplified during long-term follow-

up for up to 20 years (Figure 2). The improvement in outcome was
leveling out from 2007 to 2008 onward.

Association between time-period and
outcome and the effect of treatment
changes
To examine the relative importance of changes in demography, base-
line characteristics, and treatments for changes in outcomes, we ana-
lysed the association between change in time-period and the risk of
cardiovascular death or MI using stepwise adjustments. Moving for-
ward one time-period was significantly associated with improved in-
hospital outcome in the crude analysis [odds ratio (OR) (95% CI):
0.90 (0.89–0.91)] and after adjustment for changes in baseline charac-
teristics [0.92 (0.91–0.93)] but not after adjusting for changes in re-
perfusion and primary PCI treatment [0.97 (0.96–0.98)] (Figure 3). In
hospital survivors, moving forward one time-period was significantly
associated with the 1-year risk of cardiovascular death or MI in the
crude analysis [0.91 (0.90–0.92)] and after adjustment for changes in
demography and baseline characteristics [0.92 (0.91–0.92)]. The as-
sociation was attenuated after adjusting for changes in reperfusion
and primary PCI treatment [0.95 (0.94–0.96)] and was no longer sig-
nificant after adjusting also for changes in discharge medications [1.00
(0.98–1.01)].

The results were consistent also when evaluating the changes over
time as standardized event rates (Central Illustration B. These data also il-
lustrated that parallel to the leveling out of both changes in treatments
outcomes (Figures 1 and Central Illustration A), there were no further ef-
fects of changes in treatments on outcomes after the 2007–08 period.
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Figure 2 Kaplan–Meier curves for long-term outcomes in patients included from 1995–96 (dark red) to 2013–14 (dark green).
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..Discussion

The present investigation was a unique evaluation of changes in base-
line characteristics, treatments, and short- and long-term outcomes
in almost all patients with STEMI in a whole country over the last
20 years. There were dramatic increases in treatment with reperfu-
sion, primary PCI, aspirin, P2Y12 inhibition, beta-blockade, ACE/A2
inhibition, and statins. Simultaneously there was a continuous reduc-
tion in total and cardiovascular mortality over the years even when
considering the lowering of mortality in the general population and
when standardizing for changes in demography and patient character-
istics. Compared to age- and gender-matched controls, a STEMI re-
sulted in a 5.5 times higher 1-year mortality in 1995–96 and a 3.7
times higher 1-year mortality in 2013–14. Although the improved
outcome could partly be explained by changes in baseline character-
istics, there was still a substantial reduction in short- and long-term
outcome, also when adjusting for those differences.

In addition, the study showed a similar continuous decrease in re-
infarction, stroke, and hospitalization for heart failure over the years.
These benefits were shown to begin in the hospital phase and con-
tinue over the first year. During these two decades, the 1-year risk of
new MI was reduced by 50%, whereas the risk of readmission be-
cause stroke and heart failure were reduced by 30% and 20%, respec-
tively. During long-term follow-up for up to 20 years, there was even
a trend to further amplification of these effects.

The study showed that most benefits in short- and long-term out-
comes in patients with STEMI were related to the uptake and in-
creased use of new and, by time, established interventional and
medical treatments.20 Thus, the data indicated that the improved
in-hospital survival mainly was related to the increased use of reper-
fusion treatment including primary PCI. Concerning the 1-year out-
comes, the results indicated that not only reperfusion and
revascularization but also the broad uptake and prescription of aspi-
rin, P2Y12-inhibition, beta-blockade, ACE/A2 inhibition, and statins
contributed to the lower rates of events.

The changes in treatments were most dramatic from 1994 until
around 2008 and then levelling out at a high level with use in 70–
90% of all patients. Also, the lowering in event rates seemed to
plateau at a new low level from around 2008 and onwards. These
findings indicate that a further lowering of event rates might not
be possible by further expansion of the current treatment modali-
ties, which may already have been fully exploited. A more consis-
tent and systematic application of evidence-based standard
treatments to untreated subgroups, further improvement in the
time to reperfusion treatment and modifications of established
treatments (e.g. by new catheter based technologies and/or alter-
native medications within the same treatment class) is important,
but will probably only have limited benefits on overall outcome.
Thus, the plateauing of treatments and event rates during the last
5–10 years indicate a need to identify new effective treatment
concepts for patients with STEMI who otherwise might remain at
the current level of a 1-year mortality around 3.7 times higher
than the general population and with around a 19% risk of death
or MI within the next year.

The two phases with a rapid increase of several evidence based
treatments from 1999–2000 to 2007–08 and the subsequent plateau
are also in keeping with trends seen in other countries, including the
USA, UK, New Zealand, France, and Germany, although the exact
timing may differ between regions.10,21–25 The decline in the risk of
recurrent MI has also been seen in other studies.24 The steady de-
crease in short-term mortality in STEMI patients until 2007–08 has
been shown in other studies, but not all.10,25,26 Also, the lack of fur-
ther reduction in mortality in recent years has been observed.23,27,28

Only one previous study with both STEMI and non-STEMI patients
has shown a similar reduction in the 1-year risk of MI as in the present
study.29

Our study has several strengths. It includes consecutive patients
admitted to all hospitals taking care of acute cardiac patients in a na-
tion-wide registry over a 20-year period which results in a high de-
gree of generalizability and external validity. The inclusion of all

Figure 3 Odds and hazard ratios for the association between 2 years change in time-period and outcome (cardiovascular death or MI)—unad-
justed and after stepwise adjustment for differences in demography, baseline characteristics, and treatments over time. CV, cardiovascular; PCI, per-
cutaneous coronary intervention; MI, myocardial infarction.
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..STEMI cases in this registry over nearly two decades also resulted in
a higher prevalence of previous MI and previous stroke. Our study
also includes a complete long-term follow-up regarding not only
mortality but also regarding the risk of new MI, stroke, and re-admis-
sion because of heart failure as the primary diagnosis, which makes it
unique. Data have been prospectively collected and most variables
have been mandatory for the last years, resulting in a high degree of
completeness of data. The positive predictive value of a diagnosis of
MI, stroke, and heart failure in the patient registry has been generally
high in different validation studies.30

As other registry studies, the study has limitations. Although the
validity is high, with an average 95–97% agreement between the
register and the patient health records at monitoring, the quality of
the individual data items are less good than in clinical trials or
short-term well-conducted observational studies. As an observa-
tional study, causality between the changes in treatment strategies
and improved outcomes cannot be fully proven by the adjustments
in the statistical modelling as residual confounding can never be ex-
cluded. For the current study over 20 years, the analyses are lim-
ited to the variables that have been consistently and uniformly
recorded since the start of registration. As the definition of cardio-
genic shock was inconsistent the first 10 years and the routine use
of echocardiograms and coronary angiography gradually increased

over the years, these variables and variables related to these exam-
inations (use of P2Y12-inhibitor or type of stent used) could not
be included in the adjustments. Some angiography specific findings
[e.g. degree of Thrombolysis in Myocardial Infarction (TIMI) flow]
were not recorded. It should also be acknowledged that recording
of baseline variables at hospital admissions might be different in pa-
tients undergoing primary PCI (usually bypassing the emergency
department to reduce time to treatment), which might have af-
fected the proportion of patients diagnosed with cardiogenic
shock or pulmonary rales over the years.

In conclusion, the gradual implementation of new and established
evidence-based treatments in patients with STEMI during the last
20 years has been associated with prolonged survival and lower risk
of recurrent ischaemic events. However, the plateauing of changes in
treatments and outcomes since around 2008 indicates need both for
further optimizing current evidence-based treatments and the identi-
fication of new treatment concepts in order to further improve
outcomes.

Supplementary material

Supplementary material is available at European Heart Journal online.
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Epimyocardial lead placement causing occlusion of the left anterior
descending coronary artery
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A 61-year-old woman with a history of non-ischaemic cardio-
myopathy and 25% ejection fraction was referred to our hos-
pital with exit block of a left ventricular (LV) bipolar sutureless
epimyocardial screw-in lead and progressive dyspnoea. This
lead had been implanted 18 months previously at a tertiary re-
ferral centre via left mini-thoracotomy due to a failed transve-
nous lead in the coronary sinus (CS). The patient complained of
chest pain immediately after surgery and for >6 months, which
was misinterpreted as typical post-thoracotomy pain. The pa-
tient felt no improvement of her condition despite supposed
biventricular pacing for about 16 months. During this time, the
electrocardiogram (ECG) demonstrated loss of negativity of
ECG leads I and augmented vector left (aVL), indicating loss of
LV contribution. QRS duration was 180 ms.

The postero-anterior and lateral chest X-ray demonstrated
an anterior position of the epimyocardial lead. Transthoracic
echocardiography revealed a global hypokinesia and akinesia of
the LV apex. Coronary angiography demonstrated a total occlu-
sion of the left anterior descending coronary artery in segment
8, in close proximity to the epimyocardial screw-in lead (see
arrow). Movement of the epimyocardial lead and the heart
were asynchronous. We decided against a percutaneous coronary intervention due to the akinesia of the LV apex.

We implanted a transvenous CS-lead into a postero-lateral coronary vein resulting in a narrow paced QRS-complex and amelioration of
the patient’s symptoms.

Implantation of an epimyocardial lead is generally a safe procedure. New-onset of chest pain following epimyocardial lead placement
should raise suspicion of possible injury of a coronary artery by the lead.

Published on behalf of the European Society of Cardiology. All rights reserved. VC The Author 2017. For permissions, please email: journals.permissions@oup.com.
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